Supplementary Information

Modeling the charge movement during deactivation
The total charge moving during activation is recovered in full during deactivation but the kinetics of deactivation depends on how long the membrane has been at positive potentials. As shown in the inset of Figure 1C of the paper, deactivation kinetics can be divided in two major groups: after the channel opens and after getting to the fully relaxed state. The fact that most of the charge moves with slow deactivation kinetics after opening and even slower after relaxing, does not support a sequential model linking the active state to the open state and to the relaxed state. Rather, the voltage dependent deactivation may be modeled as a parallel path to the activation path that is reached via a voltage independent step. In the text we also show that the time constant of deactivation of the voltage sensor before the opening step (in the presence of 4-AP or using very short depolarizing pulses) exhibits a voltage dependence that differs from the one during activation. A simple interpretation for this observation is that after the sensor reaches the active state, the local field is biased differently, thus affecting the voltage dependence of deactivation.
A minimum scheme is shown in Figure S1 . The main activation pathway of the sensor is the closed (C) to activated (A) transition with voltage dependent rates constants given by
where α V=0 and β V=0 are the rates at 0 mV, z α and z β are the apparent valences, V is the membrane potential and e, k and T are the electronic charge, Boltzmann constant and temperature respectively. The path from C to A might be recognized as a simplified version of the movement of the four subunits of the voltage sensor. Once in the A state, there is a fast equilibration to the A' state (equilibrium constant K 1 ) that accounts for the bias in the local field. Therefore, after a short depolarization the return path will be via A' to C' with rates that have a shifted voltage dependence (by a magnitude V s ) given by 
Once in the C' state, it will rapidly equilibrate to C (equilibrium constant K' 1 ). Opening is the A to open (O) state transition with rate constants given by
where γ V=0 and δ V=0 are the rates at 0 mV, z γ and z δ are the apparent valences of the opening step. The deactivation pathway after depolarizations lasting the time required for opening the channel, is O to A' and the deactivation pathway is O to A' to C' and C.
After prolonged depolarization the channel evolves to the relaxed state L with forward rate Ф and backward rate η, which are both voltage independent. Repolarization from this state is via L to AL' continuing to A' to C' and finally C.
The eigenvalues of the solutions were obtained for each one of the four conditions. The coefficients of the multiexponential decays of the simulated gating current generated by the models were used to obtain theoretical weighted time constants or simple decay time constants. These theoretical time constants were used to globally fit all the parameters of the model to the experimentally determined weighted time constants in all four conditions. The assumptions using in setting up the equations were i) microscopic reversibility, ii) K 1 =(A'/A)=30, to ensure that after reaching A, it will equilibrate almost fully to A' iii) K L =(AL'/A')=0.1, to ensure that after reaching AL' it will equilibrate with a ratio 10 to 1 into A'.
The fits are shown in Figure S2 and the fitted parameters are shown in Table S1 . The fits are quite reasonable, considering that this is a simplified model. From microscopic reversibility, the fits gave a ratio Ф/η=14 showing that after the depolarization is established for a long time, the channel will be stabilized in the relaxed state (L). At the same time K' 1 =0.05, showing that after the hyperpolarization, the channel will immediately go back to the closed state (C). Table S1 . 
FIGURE S2. Kinetics of the simulated gating currents under the four different conditions tested. Symbols represent the experimentally obtained values and the continuous lines the time constants with the parameters shown in
To verify that the biphasic slowing down of Ig D kinetics is not affected by the W434F mutation, we measured Ig A and Ig D in wild-type Shaker channels. Ionic currents were eliminated by depleting intracellular K + ions. We fitted the Ig D similarly as for the W434F mutant and plotted the weighted timeconstant (τ w ) against the duration of the depolarizing pre-pulse, similarly as in Figure 1C inset. The results are displayed in Figure S3 and show that Ig D also exhibits a biphasic slowing down with two similar components to the ones detected in W434F channels (t f and t s ), although the overall kinetics are about 2 times faster. 
